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LIQUID CRYSTAL DISPLAY DEVICE AND
PROCESS FOR PRODUCING LIQUID
CRYSTAL DISPLAY DEVICE

This application is the U.S. national phase of International
Application No. PCT/JP2011/067049 filed 27 Jul. 2011
which designated the U.S. and claims priority to JP 2010-
174499 filed 3 Aug. 2010, the entire contents of each of which
are hereby incorporated by reference.

TECHNICAL FIELD

The present invention relates to a liquid crystal display
device, and a method for producing a liquid crystal display
device. More specifically, the present invention relates to a
liquid crystal display device in which a polymer layer is
formed on an alignment film to maintain liquid crystal-align-
ment control for a long time, and a method for producing a
liquid crystal display device that suitably allows formation of
a polymer layer on an alignment film.

BACKGROUND ART

Liquid crystal display devices are thin, light, and consume
little power, and are therefore widely used as display equip-
ment for televisions, personal computers, PDAs, and the like.
These days, in particular, larger liquid crystal display devices
have been rapidly introduced, as typically exemplified by
liquid crystal display devices for TVs. For enlarging of the
size, multi-domain vertical alignment (MVA) mode liquid
crystal display devices are favorably developed because even
those with large areas, which can be produced at a high yield
even if they have large areas, and also which have a wide
viewing angle, are favorably developed. In the case of multi-
domain vertical alignment mode, liquid crystal molecules are
aligned perpendicularly to a substrate surface when no volt-
age is applied in a liquid crystal layer. Therefore, a higher
contrast ratio can be achieved as compared to conventional
twisted nematic (TN) mode.

However, since ribs (protrusions) are formed in MVA
mode, problematically the aperture ratio decreases, resulting
in reduction in the white luminance. This problem is solved
when the distances among ribs are sufficiently large, while the
number of the ribs which are alignment-controlling structures
is reduced. As aresult, a longer time is required for stability of
the alignment of liquid crystals after application of a prede-
termined voltage, problematically increasing the response
time. In order to solve the above problems and to enable high
luminance and high-speed response, a technology for provid-
ing pretilt angles by use of polymers (hereinafter, also
referred to as PSA (polymer sustained alignment) layers) is
proposed (see, for example, Patent Literatures 1 to 4). In PSA
technology, a liquid crystal composition including liquid
crystals and polymerizable components such as monomers
and oligomers (hereinafter, abbreviated as monomers, etc.) is
enclosed between substrates. Then, a voltage is applied
between the substrates so that the monomers, etc. are poly-
merized, with the liquid crystal molecules tilting, to form a
polymer. As a result, after removal of the applied voltage, the
liquid crystals have a predetermined pretilt angle. Thus, the
alignment direction of the liquid crystals can be set. Polymer-
ization of the monomers, etc. is initiated by heat or light
(ultraviolet rays) irradiation. The PSA technology needs no
ribs, and thus the aperture ratio is improved. At the same time,
a pretilt angle of less than 90 degree is provided on the entire
display area, thereby enabling high-speed response.
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SUMMARY OF INVENTION
Technical Problem

As a result of investigations, the present inventors found
that, even if a polymer layer for maintaining liquid crystal-
alignment control is formed on an alignment film by injecting
a liquid crystal layer composition including a liquid crystal
material, polymerizable monomers, and a polymerization ini-
tiator between a pair of substrates and then initiating poly-
merization under a predetermined condition, continuous dis-
play of the same pattern image sometimes causes “image
sticking” in the conventional PSA technology. One of the
causes of “image sticking” is presence of electrically-charged
materials (ions, radical precursors, or the like). Such materi-
als generate a direct current offset voltage inside the cell, and
thus an alignment status of the liquid crystals changes upon
application of a voltage from outside.

The inventors of the present invention made various studies
concerning the causes of image sticking in a liquid crystal
display device, and they focused on components included in
a liquid crystal layer after polymerization. The inventors
found out that unreacted monomers, a polymerization initia-
tor, or the like remain in the liquid crystal layer even after
completion of a series of polymerization. The inventors fur-
ther found out that, if easily electrically chargeable materials
such as unreacted monomers and a polymerization initiator
remain in the liquid crystal layer, the electric charge generally
tends to be transferred to other materials due to influence of
backlight in general use after completion of production, or
influence of an aging step for test after assembling. As a
result, ionic impurities tend to be generated, thereby causing
image sticking in the liquid crystal display.

The present invention has been made in consideration of
the above current situation, and aims to provide a liquid
crystal display device in which image sticking seldom occurs.

Solution to Problem

The inventors have made various studies concerning a
method that can prevent “image sticking.” As a result, they
focused on materials of a PSA layer for maintaining align-
ment control to be formed on an alignment film. The inventors
found that use of a polymerizable monomer which by itself
generates radicals upon absorption of light to initiate poly-
merization as a polymerizable monomer for PSA layer for-
mation enables to initiate a polymerization reaction without
using a polymerization initiator. Accordingly, the inventors
have successfully solved the above problems so that the
present invention was completed.
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That is, one aspect of the present invention is a liquid
crystal display device including a pair of substrates, and a
liquid crystal layer disposed between the pair of substrates,
wherein the liquid crystal layer includes a liquid crystal mate-
rial having a negative dielectric constant anisotropy, at least
one of the pair of substrates is provided with an alignment
film for vertically aligning adjacent liquid crystal molecules,
and a polymer layer formed on the alignment film for con-
trolling the alignment of the adjacent liquid crystal mol-
ecules, and the polymer layer is formed by polymerization of
at least one monomer, the polymerization being initiated by
radicals generated of the monomer upon absorption of light.

In the liquid crystal display device of the present invention,
for example, one of the pair of substrates is used as an array
substrate, and the other substrate is used as a color filter
substrate. The array substrate is provided with a plurality of
pixel electrodes, and the alignment of the liquid crystals is
controlled in each pixel. In the color filter substrate, a plural-
ity of colors of color filters are disposed at positions overlap-
ping the respective pixel electrodes in the array substrate, and
colors to be displayed are controlled in each pixel.

In the liquid crystal display device of the present invention,
at least one of the pair of substrates is provided with an
alignment film for vertically aligning adjacent liquid crystal
molecules. The alignment film in the present invention is a
vertical alignment film for vertically aligning adjacent liquid
crystal molecules. The alignment film that has or has not
undergone an alignment treatment may be used.

The liquid crystal layer in the liquid crystal display device
of the present invention is filled with liquid crystal materials
having a negative dielectric constant anisotropy. Thus, the
liquid crystal molecules remain vertically aligned to the sub-
strate surface when no voltage is applied inside the liquid
crystal layer. The liquid crystal molecules tilt horizontal to the
substrate surface when a threshold or higher voltage is
applied. As mentioned earlier, a liquid crystal mode of the
liquid crystal display device of the present invention is one
embodiment of a VA mode.

In the liquid crystal display device of the present invention,
atleast one ofthe pair of substrates is provided with a polymer
layer that is formed on the alignment film for controlling the
alignment of the adjacent liquid crystal molecules. The poly-
mer layer is formed by polymerization of at least one mono-
mer, the polymerization being initiated by radicals generated
of the monomer upon absorption of light. Since the polymer
layer is formed by a polymerization reaction without using a
polymerization initiator in the present invention, the display
properties are not changed by influences of unreacted poly-
merization initiator residues. Therefore, occurrence of image
sticking on display can be reduced.

Dueto the polymer layer formed, even if the alignment film
has not undergone an alignment treatment, the liquid crystal
molecules adjacent to the alignment film and the polymer
layer can be initially tilted in a certain direction. For example,
in the case that the monomers are polymerized, with the liquid
crystal molecules aligned at the pretilt angle, to form a poly-
mer layer, the formed polymer layer has a structure to allow
the liquid crystal molecules to align in the pretilt angle,
regardless of whether the alignment film has undergone an
alignment treatment.

The configuration of the liquid crystal display device of the
present invention is not especially limited by other compo-
nents as long as it essentially includes such components.

Another aspect of the present invention is a method for
producing a liquid crystal display device including a pair of
substrates, and a liquid crystal layer disposed between the
pair of substrates, the method including forming an alignment
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film for vertically aligning adjacent liquid-crystal molecules
on at least one of the pair of substrates, and forming a polymer
layer for controlling the alignment of the adjacent liquid
crystal molecules on the alignment film, wherein the polymer
layer formation includes initiating polymerization of at least
one monomer that generates radicals upon absorption of light
by exposing the monomer to light.

The features of liquid crystal display devices to be pro-
duced by the production method according to the present
invention are the same as those of the liquid crystal display
device of the present invention.

In the case that a monomer that generates radicals upon
absorption of light to be polymerized is used as a material for
forming a polymer layer that is formed on an alignment film
and functions for controlling the alignment of the adjacent
liquid crystal molecules, the polymerization reaction is initi-
ated without a polymerization initiator. Thus, the display
properties are not changed by influences of unreacted poly-
merization initiator residues. Therefore, occurrence of image
sticking on display can be reduced.

The production method of the liquid crystal display device
according to the present invention is not especially limited as
long as these steps are included. The production method may
include other steps. The polymer layer formation may include
initiating polymerization by light irradiation to the liquid
crystal layer to which a threshold or higher voltage is applied
or initiating polymerization by light irradiation to the liquid
crystal layer to which a threshold or higher voltage is not
applied.

Preferable embodiments of the liquid crystal display
device and the method for producing the liquid crystal display
device of the present invention are mentioned in more detail
below.

The alignment film is preferably includes a polymer com-
pound having a main chain that contains an inorganic matter.
Examples of the inorganic matter include siloxane, silsesqui-
oxane, phosphazene, borazine, and silazane. The main chain
that contains an inorganic matter preferably contains a silox-
ane monomer repeat structure. In the case where the materials
of the alignment film include a polysiloxane, due to high
wettability to substrates, advantageously an alignment film
having a uniform thickness can be easily formed on a sub-
strate. Moreover, the voltage holding ratio (VHR) after long
time use of the liquid crystal display device can be maintained
high. Meanwhile, if a polysiloxane is used as a material for an
alignment film, the residual DC voltage in a liquid crystal
layer is high, and thereby image sticking may be caused. For
this reason, the following technique may be necessary.

At least one of the monomers that form the polymer layer
preferably generates radicals upon exposure to light that has
awavelength of not less than 330 nm, preferably not less than
340 nm, and also still more preferably not more than 430 nm.
FIG. 5 is a graph showing a relationship between the absor-
bance (a.u.) of a reference monomer and the transmittance
(%) of an alignment film-formed substrate. FIG. 6 is a graph
showing a relationship between the absorbance (a.u.) of one
example of the monomer of the present invention and the
transmittance (%) of an alignment film-formed substrate. As
shown in FIG. 5, many of common monomers (reference
monomers) generate radicals upon exposure to light having a
wavelength of not more than 320 nm. Generally, however, a
substrate having an alignment film on the surface thereofto be
used in liquid crystal display devices tends not to allow pen-
etration of light having a wavelength of less than 330 nm due
to side chains of the alignment film. For this reason, a refer-
ence monomer needs to be exposed to ultraviolet rays having
awavelength of 310 nm for a long time or a plurality of times
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for sufficient photopolymerization. However, exposure to
such ultraviolet rays for a long time or a plurality of times
degrades parts (for example, alignment film and liquid crystal
layer) of the liquid crystal display device, causing defects
such as image sticking in some cases. On the other hand, in
the case that exposure to ultraviolet rays is performed only for
a short time so as to prevent degradation of an alignment film
and a liquid crystal layer, the monomer is not sufficiently
polymerized so that a defective PSA layer is formed, causing
defects such as image sticking in some cases. Moreover,
many of common ultraviolet ray light sources emit light that
has a wavelength of 310 nm with low intensity and emit light
that has a wavelength of not less than 330 nm with high
intensity. In contrast, as shown in FIG. 6, the embodiment of
the present invention uses a monomer that absorbs light hav-
ing a wavelength of not less than 330 nm. Therefore, the
light-use efficiency is enhanced, enabling formation of a
stable PSA layer even by single short-term exposure to light.

Specifically, even if an alignment film that contains a pol-
ysiloxane as a main ingredient is used, generation of residual
DC voltages can be prevented in the liquid crystal layer, and
also occurrence of image sticking on display can be reduced.

The at least one of the monomers is preferably a bifunc-
tional monomer. Use of a bifunctional monomer enables to
form a stable PSA layer for covering the surface of the align-
ment film even by exposure to light for a shorter time than the
case using a monofunctional monomer. Moreover, generation
of residual DC voltages in the liquid crystal layer can be
reduced.

The at least one of the bifunctional monomers is preferably
a condensed aromatic compound represented by the follow-
ing formula (I):

PLAL(Z!-A2) -P? 10}

wherein P! and P? are each independently an acryloyloxy
group, a methacryloyloxy group, an acryloylamino group, or
amethacryloylamino group; and A' and A? are each indepen-
dently one selected from the group consisting of groups rep-
resented by the following formulae (1-1) to (1-15):

a-1
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-continued
(1-15)

wherein a hydrogen atom in A' and A* may be substituted
with a halogen group, a methyl group, an ethyl group or a
propyl group; Z' may be singular or plural and each indepen-
dently is —COO—, —OCO—, —O—, CO—, —NHCO—,
— CONH—, or—S—, ora direct bond between A' and A” or
between A2 and A% and n is 0, 1, or 2. In the case that the
monomer has a condensed ring including not less than three
benzene rings such as anthracene and phenanthrene repre-
sented by the above chemical formulae (1-1) to (1-15), the
monomer can absorb light having a wavelength longer than
330nm. Therefore, a higher light-use efficiency is achieved as
compared to the case of the reference monomer, and a stable
PSA layer can be produced. Since phenanthrene monomers
are highly soluble in liquid crystal materials as compared to
anthracene monomers, they are greater in terms of light-use
efficiency. In the case of using an anthracene monomer, a
similar absorbance as that in the case of using a phenanthrene
monomer is achieved only by mixing other monomers that is
highly soluble in liquid crystal materials with a small amount
of the anthracene monomer. Accordingly, the light-use effi-
ciency is enhanced.

More preferably, the at least one of the bifunctional mono-
mers is preferably a condensed aromatic compound repre-
sented by the following formula (II):

plALp! (ID)

wherein Pls are each independently an acryloyloxy group, a
methacryloyloxy group, an acryloylamino group, or a meth-
acryloylamino group; and A’ is either one of groups repre-
sented by the following formulae (2-1) and (2-2):

-1

Q0

wherein a hydrogen atom in A' may be substituted with a
halogen group, a methyl group, an ethyl group, or a propyl
group. In the case where the monomer has a condensed ring
including not less than three benzene rings such as anthracene
and phenanthrene represented by the above chemical formu-
lae (2-1) and (2-2), the monomer can absorb light having a
wavelength longer than 330 nm. Therefore, a higher light-use
efficiency is achieved as compared to the case of the reference
monomer, and a stable PSA layer can be produced.
Preferably, a voltage holding ratio of the liquid crystal
layer after a lapse of 16.61 ms from application of a pulse
voltage of 1 V is not less than 99.0%, and also preferably a
residual DC voltage of the liquid crystal layer after applica-
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tion of a DC offset voltage of 2 V for 10 hours is not more than
50 mV; after the liquid crystal layer has been allowed to stand
on a backlight for 1000 hours. This setting enables to produce
a highly reliable liquid crystal display device in which image
sticking seldom occurs. The voltage holding ratio can be
measured with, for example, a liquid crystal physical prop-
erty evaluation system 6254 produced by TOYO Corporation.

Advantageous Effects of Invention

The liquid crystal display device according to the present
invention can prevent occurrence of “image sticking.”

BRIEF DESCRIPTION OF DRAWINGS

FIG. 11is a cross-sectional view schematically illustrating a
liquid crystal display device according to Embodiment 1
before the PSA polymerization step.

FIG. 2 is a cross-sectional view schematically illustrating a
liquid crystal display device according to Embodiment 1 after
the PSA polymerization step.

FIG. 3 is a graph showing the absorption spectra of com-
pounds represented by the chemical formulae (3) and (4), and
the transmission spectra of common alignment film-formed
substrates.

FIG. 4 is a graph showing the absorption spectra of com-
pounds represented by the chemical formulae (3) and (6), and
the transmission spectra of common alignment film-formed
substrates.

FIG. 5 is a graph showing a relationship between the absor-
bance (a.u.) of a reference monomer and the transmittance
(%) of an alignment film-formed substrate.

FIG. 6 is a graph showing a relationship between the absor-
bance (a.u.) of one example of the monomer of the present
invention and the transmittance (%) of an alignment film-
formed substrate.

DESCRIPTION OF EMBODIMENTS

The present invention will be mentioned in more detail
referring to the drawings in the following embodiments, but is
not limited to these embodiments.

Embodiment 1

FIG. 1 and FIG. 2 each are a cross sectional view schemati-
cally illustrating a liquid crystal display device according to
Embodiment 1. FIG. 1 illustrates the liquid crystal display
device before the PSA polymerization step, and FIG. 2 illus-
trates the liquid crystal display device after the PSA polymer-
ization step. As shown in FIG. 1 and FIG. 2, the liquid crystal
display device according to Embodiment 1 includes an array
substrate 1, a color filter substrate 2, and a liquid crystal layer
3 disposed between a pair of the substrates consisting of the
array substrate 1 and the color filter substrate 2. The array
substrate 1 includes an insulating transparent substrate made
of glass, or the like, and a support substrate 11 that is formed
on the transparent substrate and is provided with various
wirings, pixel electrodes, a TFT (Thin Film Transistor), or the
like. The color filter substrate 2 includes an insulating trans-
parent substrate made of glass, or the like, and a support
substrate 21 that is formed on the transparent substrate and is
provided with a color filter, black matrix, common electrodes,
or the like.

Inthe array substrate 1, an alignment film 12 is provided on
the support substrate 11. In the color filter substrate 2, an
alignment film 22 is provided on the support substrate 21. The
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alignment films 12 and 22 include a polymer compound hav-
ing a main chain that contains an inorganic matter. Specifi-
cally, the polymer compound is a polysiloxane having a silox-
ane monomer repeat structure. For example, if vertical
alignment films are used as the alignment films 12 and 22,
liquid crystal molecules have a pretilt angle of approximately
90° even without having undergone an alignment treatment.
Furthermore, an alignment treatment on the surface of the
vertical alignment film allows the liquid crystal molecules to
tilt (initially tilt) a certain angle from the tilt angle of approxi-
mately 90°. A compound having a longer side chain than
common polymers is used as a material for the vertical align-
ment film.

As shown in FIG. 1, one, or two or more monomer(s) 4 are
present in the liquid crystal layer 3 before the PSA polymer-
ization step. Polymerization of the polymerizable mono-
mer(s) 4 is initiated by the PSA polymerization step so that
PSA layers 13 and 23 are formed on the alignment films 12
and 22, respectively.

Specifically, the PSA layers 13 and 23 may be formed by
injecting a composition for forming a liquid crystal layer that
contains the one, or two or more polymerizable monomer(s)
4 and liquid crystal materials having a negative dielectric
constant anisotropy between the array substrate 1 and the
color filter substrate 2 to form the liquid crystal layer, and then
exposing the liquid crystal layer 3 to a certain amount of light
so that the polymerizable monomer(s) 4 is/are polymerized.
FIG. 2 illustrates an embodiment in which the PSA layers
respectively cover the entire surfaces of the alignment films.
Practically, the PSA layers each may be formed in a dotted
pattern at a plurality of locations, and may have uneven thick-
ness.

The polymerizable monomers 4 used in Embodiment 1 by
themselves absorb light and generate radicals to initiate chain
polymerization. Therefore, a polymerization initiator needs
not to be added.

In Embodiment 1, the PSA polymerization step is initiated
by light irradiation to the liquid crystal layer 3 to which a
threshold or higher voltage is applied. As a result, a polymer
is formed in accordance with the alignment of the liquid
crystal molecules under a threshold or higher voltage appli-
cation. Therefore, the formed PSA layers have structures
capable of functioning as alignment films that allow the liquid
crystal molecules to have an initial pretilt angle even under no
voltage application later.

In Embodiment 1, the light irradiation may be performed
on the liquid crystal layer 3 to which a threshold or higher
voltage is not applied. For example, in the case where the
alignment films 12 and 22 by themselves have a feature to
allow the liquid crystal molecules to align in a pretilt angle,
the PSA layers 13 and 23 formed on the respective alignment
films 12 and 22 function as layers to enhance the alignment-
stabilizing property of the alignment film. As a result, the
alignment-controlling ability is maintained for a long time so
that temporary changes in the alignment are reduced. More-
over, occurrence of image sticking on display is reduced. In
Embodiment 1, the PSA layers 13 and 23 may be formed by
firstly subjecting the alignment films 12 and 22 to an align-
ment treatment and then exposing the liquid crystal layer 3 to
light under a threshold or higher voltage application. This
setting enables to provide a set of films having better align-
ment stability.

In Embodiment 1, the alignment of the liquid crystal mol-
ecules may be set by line-shaped slits that are provided in a
pixel electrode included in the support substrate 11, or in a
common electrode included in the support substrate 21. In the
case where thin line-shaped slits are formed in the pixel
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electrode and/or common electrode, liquid crystal molecules
have a property of uniformly aligning toward the line-shaped
slits when a voltage is applied thereto. Therefore, PSA layers
capable of allowing the liquid crystal molecules to have a
pretilt angle can be formed even when the alignment film has
not undergone an alignment treatment.

At least one polymerizable monomer used in Embodiment
1 is a monomer that generates radicals upon exposure to light
having a wavelength of not less than 330 nm, and the mono-
mer is a condensed aromatic compound represented by the
following formula (I):

PLAL(Z1-A2),-P? 0]

wherein P' and P? are each independently an acryloyloxy
group, a methacryloyloxy group, an acryloylamino group, or
a methacryloylamino group; A' and A® are each indepen-
dently one selected from the group consisting of groups rep-
resented by the following formulae (1-1) to (1-15):

a-1

1-2)

1-3)

1-4)

J:8:4:3:

1-5)

0
&

(1-6)

a-7

0
&
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wherein a hydrogen atom in A' or A2 may be substituted with
a halogen group, a methyl group, an ethyl group, or a propyl
group; Z' may be singular or plural and each independently is
—CO00—, —0CO—, —0—, CO—, —NHCO—,
— CONH—, or—S—, oradirect bond between A and A” or
between A? and A%; and n is 0, 1, or 2. More preferably, the
monomer is a condensed aromatic compound represented by
the following formula (II):

PLALp! (1)

wherein P's are each independently an acryloyloxy group, a
methacryloyloxy group, an acryloylamino group, or a meth-
acryloylamino group; and A' is either one of groups repre-
sented by the following formulae (2-1) and (2-2):

w

10

15

20

25

30

35

40

45

50

55

60

65

-1

Q0

wherein a hydrogen atom in A’ may be substituted with a
halogen group, a methyl group, an ethyl group, or a propyl
group.

The polymerizable monomers are bifunctional monomers.
A more stable PSA layer can be formed when such a bifunc-
tional monomer is mixed with liquid crystal materials than
when a monofunctional monomer is mixed. Moreover, sub-
strates that have an alignment film on the surface thereof
commonly used in liquid crystal display devices tend to
absorb light having a wavelength of less than 330 nm due to
the influence of the main chain or side chain of the polymer
included in the alignment film. Therefore, use of monomers
that absorb light having a wavelength of not less than 330 nm
can further enhance the light-use efficiency. Condensed aro-
matic compounds including not less than three benzene rings
such as anthracene and phenanthrene have an absorption
wavelength in a wavelength band longer than 330 nm. There-
fore, use of such compounds can increase the rate of poly-
merization by ultraviolet ray irradiation, thereby enabling
production of a stable PSA layer.

Other elements of the liquid crystal display device accord-
ing to Embodiment 1 will be described in detail below.

In the liquid crystal display device according to Embodi-
ment 1, the array substrate 1, the liquid crystal layer 3, and the
color filter substrate 2 are stacked in the sequence set forth
from the rear side to the observation side of the liquid crystal
display device. A polarizer is mounted at the rear side of the
support substrate 11 of the array substrate 1. A polarizer is
also mounted at the observation side of the support substrate
21 ofthe color filter substrate 2. These polarizers each may be
further provided with a retardation plate. These polarizers
may be circular polarizers.

Theliquid crystal display device according to Embodiment
1 may be any one of transmissive type, reflective type, and
transmissive-and-reflective type liquid crystal display
devices. In the case of transmissive type or transmissive-and-
reflective type, the liquid crystal display device according to
Embodiment 1 further includes a backlight. The backlight is
disposed at an exterior of the rear side of the array substrate 1
so that light passes through the array substrate 1, the liquid
crystal layer 3, and the color filter substrate 2 in the sequence
set forth. In the case of reflective type or transmissive-and-
reflective type, the array substrate 1 is provided with a reflec-
tor for reflecting external light. Moreover, in the region where
at least reflected light is used for display, the polarizer of the
color filter substrate 2 needs to be a circular polarizer having
a A4 retardation plate.

Theliquid crystal display device according to Embodiment
1 may have a color filter on array structure in which the array
substrate 1 includes a color filter. Moreover, the liquid crystal
display device according to Embodiment 1 may be a mono-
chrome display. In this case, a color filter is not necessary.

The liquid crystal layer 3 is filled with a liquid crystal
material which has a property of being aligned in a specific



US 9,164,326 B2

13

direction upon application of a certain voltage. The alignment
of the liquid crystal molecules in the liquid crystal layer 3 is
controlled by application of a threshold or higher voltage. In
Embodiment 1, the liquid crystal molecules behave as in VA
mode.

A component analysis of the alignment film, a component
analysis of monomers (polymerizable monomers) for form-
ing the PSA layer present in the PSA layer, the amount of the
monomers (polymerizable monomers) for forming the PSA
layer included in the liquid crystal layer, the ratio of the
monomers (polymerizable monomers) for forming the PSA
layer in the PSA layer, or the like of the liquid crystal display
device according to Embodiment 1 can be determined by
disassembling the liquid crystal display device (for example,
liquid crystal TV (television), DID (digital information dis-
play)), and then performing a chemical analysis based on
nuclear magnetic resonance (NMR), fourier transform infra-
red spectroscopy (FT-IR), mass Spectrometry (MS), or the
like.

Example 1

The following will discuss Example 1 in which a liquid
crystal cell included in the liquid crystal display device
according to Embodiment 1 was actually produced. First, a
pair of support substrates were prepared. A polysiloxane solu-
tion as a material of a vertical alignment film was applied to
the surfaces of the pair of support substrates, followed by
pre-baking at 80° C. for five minutes and subsequent post-
baking at 200° C. for sixty minutes.

Next, an alignment treatment was performed on the align-
ment film after post-baking. Next, a seal was applied to a
single-sided substrate. Then a composition for forming a
liquid crystal layer that contained liquid crystal materials
having negative dielectric constant anisotropy and a polymer-
izable monomer for forming a PSA layer was dropped onto
the single-sided substrate. Thereafter, the other substrate was
laminated on the composition.

In Example 1, one or a combination of two of polymeriz-
able monomers represented by the chemical formulae (3) to
(5) below was/were used. The compound represented by the
chemical formula (3) is a bifunctional methacrylate monomer
having a biphenyl structure, the compound represented by the
chemical formula (4) is a bifunctional methacrylate monomer
having an anthracene structure, and the compound repre-
sented by the chemical formula (5) is a monofunctional meth-
acrylate monomer having an anthracene structure.

OO

(6] (6]

(©)
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-continued

®)

For production of the liquid crystal cell described in
Example 1, compounds represented by the above chemical
formulae (4) and (5) to be used as monomers for forming a
PSA layer were synthesized. Meanwhile, the synthesis
method of the compounds is not limited to the method below.

Synthesis Example 1

<Synthesis of 2,6-dimethacryloxy Anthracene (Compound of
the Chemical Formula (4))>

According to the synthesis method described in Non-
Patent Literature 1, 2,6-dihydroxy anthracene was synthe-
sized using a commercially available 2,6-dihydroxy
anthraquinone as a starting material. Using the 2,6-dihydroxy
anthracene as a material, 2,6-dimethacryloxy anthracene was
prepared.

First, 3 g of 2,6-dihydroxy anthracene was dissolved in 30
g of methylene chloride, and 3.6 g of methacrylic acid chlo-
ride was added to the resulting solution while the temperature
thereof was adjusted to 20° C. Further, 3.4 g of trimethy-
lamine was added dropwise at a temperature of not higher
than 25° C., followed by stirring for one hour at a room
temperature. To the stirred solution was dropwise added 58 g
of 1% aqueous hydrochloric acid. The resulting mixed solu-
tion was separated to collect a methylene chloride layer. The
collected methylene chloride was washed with 1% NaHCO;,
followed by washing with water, and then methylene chloride
was distilled off. The residue after the distillation was recrys-
tallized from a mixed solvent of acetone and toluene (acetone:
toluene=1:4). The generated crystals were filtered and dried
so that 3.2 g of a target 2,6-dimethacryloxy anthracene was
obtained.

The analysis result of the obtained compound was shown
below. The 'H-NMR revealed that the compound was 2,6-
dimethacryloxy anthracene.

'H-NMR(CDCl,, ppm): 8=2.12(s, 6H, methyl group),
5.80(s, 2H, vinyl group), 6.42(s, 2H, vinyl group), 7.27(dd,
2H, anthracene ring), 7.74(s, 2H, anthracene ring), 7.99(d,
2H, anthracene ring), 8.37(s, 2H, anthracene ring)

Synthesis Example 2

<Synthesis of 2-methacryloxy Anthracene (Compound of the
Chemical Formula (5))>

According to the synthesis method described in Non-
Patent Literature 1, 2-hydroxy anthracene was synthesized
using a commercially available 2-hydroxy anthraquinone as a
starting material. The 2-hydroxy anthracene was used as a
material.

First, 3 g of 2-hydroxy anthracene was dissolved in 30 g of
methylene chloride, and 1.8 g of methacrylic acid chloride
was added to the resulting solution while the temperature
thereof was adjusted to 20° C. Further, 1.7 g of trimethy-
lamine was added dropwise at a temperature of not higher
than 25° C., followed by stirring for one hour at a room
temperature. To the stirred solution was dropwise added 29 g
of 1% aqueous hydrochloric acid. The resulting mixed solu-
tion was separated to collect a methylene chloride layer. The



US 9,164,326 B2

15

collected methylene chloride was washed with 1% NaHCO;,
followed by washing with water, and then methylene chloride
was distilled off. The residue after the distillation was recrys-
tallized from a mixed solvent of acetone and toluene (acetone:
toluene=1:4). The generated crystals were filtered and dried
so that 2.6 g of a target 2-methacryloxy anthracene was
obtained.

The analysis result of the obtained compound was shown
below. The 'H-NMR revealed that the compound was
2-methacryloxy anthracene.

'H-NMR(CDCl,, ppm): 8=2.12(s, 6H, methyl group),
5.81(s, 1H, vinyl group), 6.43(s, 1H, vinyl group), 7.25-7.28
(m, 1H, anthracene ring), 7.46-7.49(m, 2H, anthracene ring),
7.55(s, 1H, anthracene ring),7.98-8.04(m, 3H, anthracene
ring), 8.38(s, 1H, anthracene ring), 8.44(s, 1H, anthracene
ring)

FIG. 3 is a graph showing the absorption spectra of the
compounds represented by the chemical formulae (3) and (4),
and the transmission spectra of common alignment film-
formed substrates. The compound represented by the chemi-
cal formula (3) absorbs light that has a wavelength of 320 nm
at maximum or shorter. The compound represented by the
chemical formula (4) absorbs light that has a wavelength of
430 nm at maximum or shorter. Therefore, the compound
represented by the chemical formula (4) can absorb light in a
wavelength range 0f 330 nm to 430 nm that is not absorbed by
the compound represented by the chemical formula (3), and
thus has a broader light absorption wavelength range than the
compound represented by the chemical formula (3).

The alignment film-formed substrate herein refers to a
substrate in which an ITO (indium tin oxide) film is formed on
a glass substrate, and an alignment film is formed on the ITO
film. Regarding light transmittance, common alignment film-
formed substrates tend not to transmit light that has a wave-
length of shorter than 340 nm.

Because of the aforementioned reasons, in the case where
a PSA layer is formed by irradiating the liquid crystal layer
with light through a common alignment film-formed sub-
strate, use of only the compound represented by the chemical
formula (3) takes a long time until completion of the poly-
merization reaction.

The following samples A to E were prepared in Example 1.
In the sample A, the composition for forming liquid crystal
layers contains 0.2 wt % of a bifunctional methacrylate
monomer represented by the chemical formula (3) and 0.1 wt
% of a bifunctional methacrylate monomer represented by the
chemical formula (4). In the sample B, the composition for
forming liquid crystal layers contains 0.3 wt % of a bifunc-
tional methacrylate monomer represented by the chemical
formula (3). In the sample C, the composition for forming
liquid crystal layers contains 0.2 wt % of a bifunctional meth-
acrylate monomer represented by the chemical formula (3)
and 0.1 wt % of a monofunctional methacrylate monomer
represented by the chemical formula (5). In the sample D, the
composition for forming liquid crystal layers contains 0.1 wt
% of a bifunctional methacrylate monomer represented by the
chemical formula (4). The sample E contains no polymeriz-
able monomer.

Next, the liquid crystal layer disposed between a pair of
substrates was exposed to black light (ultraviolet lays having
apeak wavelength in a range of 300 to 370 nm) for 80 minutes
under no voltage application to initiate polymerization reac-
tion. Thereby, a liquid crystal cell in which a PSA layer was
formed on a vertical alignment film was produced in each
example. The ultraviolet light source used was a FHF-32BLB
produced by Toshiba Lighting and Technology Corporation.
The FHF-32BLB is an ultraviolet light source that emits light
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having a wavelength of 310 nm with low intensity and light
having a wavelength of not less than 330 nm with high inten-
sity.

Thereafter, each of the produced liquid crystal cells was
measured for the residual DC voltage (mV). The following
describes the results of the residual DC voltage measurement
of respective samples. Table 1 shows the results of the
residual DC voltage (mV) measurement in the case of using
the samples. The residual DC voltage value was determined
by a flicker minimizing method after applying a DC offset
voltage of 2V for 10 hours.

TABLE 1
Residual DC voltage

Composition weight ratio (mV)

Sample A Chemical formula (3)—0.2 wt % + 10
Chemical formula (4)—0.1 wt %

Sample B Chemical formula (3)—0.3 wt % 100

Sample C Chemical formula (3)—0.2 wt % + 300
Chemical formula (5)—0.1 wt %

Sample D Chemical formula (4)—0.1 wt % 40

Sample E None 150

Use of the composition containing 0.2 wt % of the bifunc-

tional biphenyl monomer represented by the chemical for-
mula (3) and 0.1 wt % of the bifunctional anthracene mono-
mer represented by the chemical formula (4) reduced the
residual DC voltage to as small as 10 mV. Accordingly, an
effect ofreducing occurrence of image sticking was achieved.
This is because use of the bifunctional anthracene monomer
increased the polymerization rate initiated by ultraviolet ray
irradiation, and a stable PSA was formed.

The composition containing 0.3 wt % of the bifunctional
biphenyl monomer represented by the chemical formula (3)
required ultraviolet ray irradiation for a long time (for
example, not less than 10 hours). A stable PSA layer was not
formed by 80 minutes irradiation, resulting in the residual DC
voltage of 100 mV.

Use of the composition containing 0.2 wt % of the bifunc-
tional biphenyl monomer represented by the chemical for-
mula (3) and 0.1 wt % of the monofunctional anthracene
monomer represented by the chemical formula (5) deterio-
rated the residual DC voltage to 300 mV. The results showed
that use of monofunctional monomers, though they are
anthracene monomers, significantly increases occurrence of
image sticking.

Inthe case of using the composition containing 0.1 wt % of
the bifunctional anthracene monomer represented by the
chemical formula (4), a PSA layer was insufficiently formed.
The residual DC voltage was reduced only to 40 mV, which
was higher than the residual DC voltage in the case where the
composition containing 0.2 wt % of the bifunctional biphenyl
monomer represented by the chemical formula (3) was fur-
ther mixed. The result indicates that an alignment film has a
great influence in the case of using only a bifunctional
anthracene monomer with low solubility, and the effect of
reducing occurrence of image sticking is small.

In the case where no monomer was added and thus no PSA
layer was formed, the residual DC voltage was as high as 150
mV. This is because a vertical alignment component similar to
that of a conventional product was present at a side chain of
the polysiloxane-containing inorganic alignment film, and
the component formed an interface with the liquid crystal
layer.

Accordingly, it has been found that a liquid crystal display
device with a small residual DC voltage can be designed when



US 9,164,326 B2

17

a PSA layer is formed by use of the composition containing
0.1 wt % of'the bifunctional anthracene monomer represented
by the chemical formula (4) and 0.2 wt % of the bifunctional
biphenyl monomer represented by the chemical formula (3).

Moreover, it has also been found that addition of only a
small amount (e.g. about 0.1 wt %) of the bifunctional
anthracene monomer having an absorbance at a wavelength
of'around 330 to 430 nm can reduce the time of the polymer-
ization by ultraviolet irradiation, and also can reduce coloring
in the liquid crystal display device.

Furthermore, it is found that even in the case of using a
polysiloxane-containing inorganic alignment film, since the
alignment film is covered with a PSA layer, the residual DC
voltage is reduced, thereby improving long-term reliability.

Example 2

The following will discuss Example 2 in which a liquid
crystal cell included in the liquid crystal display device
according to Embodiment 1 was actually produced. Samples
ofliquid crystal cells used in Example 2 were produced in the
same manner as in Example 1, except that no alignment
treatment was performed on the alignment film, and a PSA
layer was formed by light irradiation while a threshold or
higher voltage was applied.

The following samples F to J were prepared in Example 2.
In sample F, the composition for forming liquid crystal layers
includes 0.2 wt % of a bifunctional methacrylate monomer
represented by the chemical formula (3) and 0.1 wt % of a
monofunctional methacrylate monomer represented by the
chemical formula (4). In sample G, the composition for form-
ing liquid crystal layers includes 0.3 wt % of a bifunctional
methacrylate monomer represented by the chemical formula
(3). In sample H, the composition for forming liquid crystal
layers includes 0.2 wt % of the bifunctional methacrylate
monomer represented by the chemical formula (3) and 0.1 wt
% of the monofunctional methacrylate monomer represented
by the chemical formula (5). In sample 1, the composition for
forming liquid crystal layers includes 0.1 wt % of the bifunc-
tional methacrylate monomer represented by the chemical
formula (4). Sample J includes no polymerizable monomer.

Next, the liquid crystal layer disposed between a pair of
substrates was exposed to black light (ultraviolet lays having
apeak wavelength in a range of 300 to 370 nm) for 80 minutes
under application of a threshold or higher voltage (10 V
rectangular wave voltage) to initiate polymerization reaction.
Thereby, a liquid crystal cell in which a PSA layer was formed
on a vertical alignment film was produced in each example.
Theultraviolet light source used was a FHF-32BLB produced
by Toshiba Lighting and Technology Corporation.

Thereafter, each of the produced liquid crystal cells was
measured for the residual DC voltage (mV). The following
describes the results of the residual DC voltage measurement
of respective samples. Table 2 shows the results of the
residual DC voltage (mV) measurement in the case of using
the samples. In Example 2, the residual DC voltage value was
determined by a flicker minimizing method after applying a
DC offset voltage of 2 V for 10 hours.

TABLE 2
Residual DC voltage
(mV)
Sample F Chemical formula (3)—0.2 wt % + 0

Chemical formula (4)—0.1 wt %
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TABLE 2-continued

Residual DC voltage

(mV)

Sample G Chemical formula (3)—0.3 wt % 100

Sample H Chemical formula (3)—0.2 wt % + 300
Chemical formula (5)—0.1 wt %

Sample I Chemical formula (4)—0.1 wt % 40

Sample J None 120

Use of the composition containing 0.2 wt % of the bifunc-
tional biphenyl monomer represented by the chemical for-
mula (3) and 0.1 wt % of the bifunctional anthracene mono-
mer represented by the chemical formula (4) reduced the
residual DC voltage to as low as 0 mV. Accordingly, an
excellent effect of reducing occurrence of image sticking was
achieved. This is because use of the bifunctional anthracene
monomer increased the polymerization rate initiated by ultra-
violet ray irradiation, and a stable PSA was formed.

The composition containing 0.3 wt % of the bifunctional
biphenyl monomer represented by the chemical formula (3)
required ultraviolet ray irradiation for a long time (for
example, not less than 10 hours). A stable PSA layer was not
formed by 80 minutes irradiation, resulting in the residual DC
voltage of 100 mV.

Use of the composition containing 0.2 wt % of the bifunc-
tional biphenyl monomer represented by the chemical for-
mula (3) and 0.1 wt % of the monofunctional anthracene
monomer represented by the chemical formula (5) deterio-
rated the residual DC voltage to 300 mV. The results showed
that use of monofunctional monomers, though they are
anthracene monomers, significantly increases occurrence of
image sticking.

Inthe case of using the composition containing 0.1 wt % of
the bifunctional anthracene monomer represented by the
chemical formula (4), a PSA layer was insufficiently formed.
The residual DC voltage was reduced only to 40 mV, which
was higher than the residual DC voltage in the case where the
composition containing 0.2 wt % of the bifunctional biphenyl
monomer represented by the chemical formula (3) was fur-
ther mixed. The result indicates that an alignment film has a
great influence in the case of using only a bifunctional
anthracene monomer with low solubility, and the effect of
reducing occurrence of image sticking is small.

In the case where no monomer was added and thus no PSA
layer was formed, the residual DC voltage was as high as 120
mV. This is because a vertical alignment component similar to
that of a conventional product was present at a side chain of
the polysiloxane-containing inorganic alignment film, and
the component formed an interface with the liquid crystal
layer.

Accordingly, it has been found that a liquid crystal display
device with a small residual DC voltage can be designed when
a PSA layer is formed by use of the composition containing
0.1 wt % of'the bifunctional anthracene monomer represented
by the chemical formula (4) and 0.2 wt % of the bifunctional
biphenyl monomer represented by the chemical formula (3).

Moreover, it has also been found that addition of only a
small amount (e.g. about 0.1 wt %) of the bifunctional
anthracene monomer having an absorbance at a wavelength
of'around 330 to 430 nm can reduce the time of the polymer-
ization by ultraviolet irradiation, and also can reduce coloring
of the liquid crystal display device.

Furthermore, it has been found that even in the case of
using a polysiloxane-containing inorganic alignment film,
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since the alignment film is covered with a PSA layer, the
residual DC voltage is reduced, thereby improving long-term
reliability.

Example 3

The following will discuss Example 3 in which a liquid
crystal cell included in the liquid crystal display device
according to Embodiment 1 was actually produced. Samples
ofliquid crystal cells used in Example 3 were produced in the
same manner as in Example 1, except that the polymerizable
monomers in the compositions for forming liquid crystal
layers had different components and different weight ratios.

In Example 3, one or a combination of two of the polymer-
izable monomers represented by the chemical formulae (3)
and (6) was/were used. The compound represented by the
chemical formula (6) below is a bifunctional methacrylate
monomer having a phenanthrene structure.

(6] (6]

)

For production of the liquid crystal cell described in
Example 3, a compound represented by the chemical formula
(6) to be used as a monomer for forming a PSA layer was
synthesized. Meanwhile, the synthesis method of the com-
pound is not limited to the method below.

Synthesis Example 3

<Synthesis of 2,7-dimethacryloxy Phenanthrene (Compound
of the Chemical Formula (6))>

According to the synthesis method described in Patent
Document 5 mentioned above, 2,7-dimethacryloxy phenan-
threne was prepared using a commercially available phenan-
threne as a starting material.

The analysis result of the obtained compound was shown
below. The 'H-NMR revealed that the compound was 2,7-
dimethacryloxy phenanthrene.

'H-NMR(CDCl,, ppm): 8=2.12(s,6H,methyl), 5.81(s,2H,
vinyl), 6.43(s,2H,vinyl), 7.44(d,2H, phenanthrene ring), 7.66
(s,2H, phenanthrene ring), 7.71(s,2H, phenanthrene ring),
8.66(d,2H, phenanthrene ring)

FIG. 4 is a graph showing the absorption spectra of com-
pounds represented by the chemical formulae (3) and (6), and
the transmission spectra of common alignment film-formed
substrates. The compound represented by the chemical for-
mula (3) absorbs light that has a wavelength of 320 nm at
maximum or shorter. The compound represented by the
chemical formula (6) practically absorbs light that has a
wavelength of 360 nm at maximum or shorter. Therefore, the
compound represented by the chemical formula (6) can
absorb light in a wavelength range of 330 nm to 360 nm that
is not absorbed by the compound represented by the chemical
formula (3), and thus has a broader light absorption wave-
length range than the compound represented by the chemical
formula (3).

The following samples K and [ were prepared in Example
3. Inthe sample K, the composition for forming liquid crystal
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layers contains 0.6 wt % of a bifunctional methacrylate
monomer represented by the chemical formula (6). In the
sample L, the composition for forming liquid crystal layers
contains 0.3 wt % of a bifunctional methacrylate monomer
represented by the chemical formula (6) and 0.3 wt % of a
bifunctional methacrylate monomer represented by the
chemical formula (3).

Next, the liquid crystal layer disposed between a pair of
substrates was exposed to black light (ultraviolet lays having
apeak wavelength in a range of 300 to 370 nm) for 80 minutes
under application of no voltage to initiate polymerization
reaction. Thereby, a liquid crystal cell in which a PSA layer
was formed on a vertical alignment film was produced in each
example. The ultraviolet light source used was a FHF-32BL.B
produced by Toshiba Lighting and Technology Corporation.

Thereafter, each of the produced liquid crystal cells was
measured for the residual DC voltage (mV). The following
describes the results of the residual DC voltage measurement
of respective samples. Table 3 shows the results of the
residual DC voltage (mV) measurement in the case of using
the samples. In Example 3, the residual DC voltage value was
determined by a flicker minimizing method after applying a
DC offset voltage of 2 V for 10 hours.

TABLE 3
Residual DC voltage
(mV)
Sample K Chemical formula (6)—0.6 wt % 0
Sample L Chemical formula (6)—0.3 wt % + 0

Chemical formula (3)—0.3 wt %

In the case where a PSA layer was formed by using the
bifunctional phenanthrene monomer represented by the
chemical formula (6), the residual DC voltage was 0 mV.
Accordingly, an excellent effect of reducing occurrence of
image sticking can be achieved.

In also the case where the bifunctional biphenyl monomer
represented by the chemical formula (3) was mixed, the
residual DC voltage was 0 mV. Accordingly, an excellent
effect of reducing occurrence of image sticking can be
achieved.

Ithas been found that use of the bifunctional phenanthrene
monomer represented by the chemical formula (6) enables
formation of a PSA layer by ultraviolet ray irradiation for a
shorter time than usual. Therefore, degradation of parts can be
prevented, and the effect of reducing occurrence of image
sticking can be achieved.

Example 4

The following will discuss Example 4 in which a liquid
crystal cell included in the liquid crystal display device
according to Embodiment 1 was actually produced. Samples
ofliquid crystal cells used in Example 4 were produced in the
same manner as in Example 2, except that the polymerizable
monomers in the compositions for forming liquid crystal
layers had different components and different weight ratios.

The following samples M and N were prepared in Example
4. The sample M includes 0.6 wt % of a bifunctional meth-
acrylate monomer represented by the chemical formula (6).
The sample N includes 0.3 wt % of a bifunctional methacry-
late monomer represented by the chemical formula (6) and
0.3 wt % of a bifunctional methacrylate monomer represented
by the chemical formula (3).

Next, the liquid crystal layer disposed between a pair of
substrates was exposed to black light (ultraviolet lays having
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apeak wavelength in a range of 300 to 370 nm) for 80 minutes
under application of a threshold or higher voltage to initiate
polymerization reaction. Thereby, a liquid crystal cell in
which a PSA layer was formed on a vertical alignment film
was produced in each example. The ultraviolet light source
used was a FHF-32BLB produced by Toshiba Lighting and
Technology Corporation.

Thereafter, each of the produced liquid crystal cells was
measured for the residual DC voltage (mV). The following
describes the results of the residual DC voltage measurement
of respective samples. Table 4 shows the results of the
residual DC voltage (mV) measurement in the case of using
the samples. In Example 4, the residual DC voltage value was
determined by a flicker minimizing method after applying a

DC offset voltage of 2 V for 10 hours.
TABLE 4
Residual DC voltage
(mV)
Sample M Chemical formula (6)—0.6 wt % 0
Sample N Chemical formula (6)—0.3 wt % + 0

Chemical formula (3)—0.3 wt %

In the case that a PSA layer was formed by using the
bifunctional phenanthrene monomer represented by the
chemical formula (6), the residual DC voltage was 0 mV.
Accordingly, an excellent effect of reducing occurrence of
image sticking can be achieved.

In also the case that the bifunctional biphenyl monomer
represented by the chemical formula (3) was mixed, the
residual DC voltage was 0 mV. Accordingly, an excellent
effect of reducing occurrence of image sticking can be
achieved.

It has been found that use of the bifunctional phenanthrene
monomer represented by the chemical formula (6) enables
formation of a PSA layer by ultraviolet ray irradiation for a
shorter time than usual. Therefore, degradation of parts canbe
prevented, and the effect of reducing occurrence of image
sticking can be achieved.

The present application claims priority to Patent Applica-
tion No. 2010-174499 filed in Japan on Aug. 3, 2010 under
the Paris Convention and provisions of national law in a
designated State, the entire contents of which are hereby
incorporated by reference.

REFERENCE SIGNS LIST

1: Array substrate
2: Color filter substrate
3: Liquid crystal layer
4: Polymerizable monomer
11, 21: Support substrate
12, 22: Alignment film
13, 23: PSA layer (polymer layer)
The invention claimed is:
1. A liquid crystal display device comprising:
a substrate;
a liquid crystal layer; and
a first layer disposed between the substrate and the liquid
crystal layer,
wherein:
the liquid crystal layer is disposed on the first layer and
includes a liquid crystal material having a negative
dielectric constant anisotropy;
the first layer is formed on a second layer disposed on said
substrate;
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the first layer controls the alignment of liquid crystal mol-
ecules included in the liquid crystal layer;

the first layer has been formed by polymerization reaction
of atleast one kind of monomer; and the polymerization
reaction is initiated by radicals generated through an
irradiation of the at least one kind of monomer with a
light,

wherein the at least one kind of monomer is a condensed
aromatic compound represented by the following for-
mula (II):

pl-ALp! (ID)

wherein the P's are each independently an acryloyloxy
group, a methacryloyloxy group, an acryloylamino
group, or a methacryloylamino group; and

Alis represented by the following formula (2-2):

Q0

wherein a hydrogen atom in A' may be substituted with a
halogen group, a methyl group, an ethyl group, or a
propyl group; and

wherein the second layer is an alignment film for vertically
aligning adjacent liquid-crystal molecules and includes
a polymer compound having a main chain which has a
siloxane monomer repeat structure.

2. The liquid crystal display device according to claim 1,

wherein the at least one kind of monomer generates radi-
cals upon exposure to light that has a wavelength of not
less than 330 nm.

3. The liquid crystal display device according to claim 1,

wherein a voltage holding ratio of the liquid crystal layer
after a lapse of 16.61 ms from application of a pulse
voltage of 1 V is not less than 99.0%, and also a residual
DC voltage ofthe liquid crystal layer after application of
a DC offset voltage of 2 'V for 10 hours is not more than
50 mV; after the liquid crystal layer has been allowed to
stand on a backlight for 1000 hours.

4. A method for producing a liquid crystal display device
comprising a pair of substrates, and a liquid crystal layer
disposed between the pair of substrates, the method compris-
ing:

forming an alignment film for vertically aligning adjacent
liquid-crystal molecules on at least one of the pair of
substrates,

forming a polymer layer for controlling the alignment of
the adjacent liquid crystal molecules on the alignment
film, and

forming the liquid crystal layer which includes a liquid
crystal material having a negative dielectric constant
anisotropy on the polymer layer,

wherein the polymer layer formation includes initiating
polymerization of at least one kind of monomer that
generates radicals upon absorption of light by exposing
the at least one kind of monomer to light,

wherein the at least one kind of monomer is a condensed
aromatic compound represented by the following for-
mula (II):

2-2)

pl-ALp! (ID)



US 9,164,326 B2

23

wherein the P's are each independently an acryloyloxy
group, a methacryloyloxy group, an acryloylamino
group, or a methacryloylamino group; and

Al is represented by the following formula (2-2):

Q0

wherein a hydrogen atom in A' may be substituted with a
halogen group, a methyl group, an ethyl group, or a
propyl group; and

wherein the alignment film for vertically aligning adjacent
liquid-crystal molecules includes a polymer compound
having a main chain which has a siloxane monomer
repeat structure.

2-2)

24

5. The method for producing a liquid crystal display device
according to claim 4,

wherein the polymer layer formation includes initiating
polymerization by light irradiation to the liquid crystal
layer to which a threshold or higher voltage is applied.

6. The method for producing a liquid crystal display device
according to claim 4,

wherein the polymer layer formation includes initiating
polymerization by light irradiation to the liquid crystal
layer to which a threshold or higher voltage is not
applied.

7. The method for producing a liquid crystal display device

15 according to claim 4,

wherein the at least one monomer generates radicals upon
exposure to light that has a wavelength of not less than
330 nm.



